Dugbe virus multiplied in cell lines of pig and monkey origin producing little gross cytopathogenic effect, but prominent paranuclear, cytoplasmic inclusions were evident in stained preparations examined by light microscopy. Electron microscopic examination of thin sections of Dugbe virus-infected PS cells showed numerous virus particles 90 to ioo nm in diam. on the cell membrane and in cytoplasmic vacuoles. No virus particles were seen in inclusions, although these contained virus antigens demonstrable by immunofluorescence.
INTRODUCTION
The prototype strain of Dugbe virus (Ib. Ar. 1792) was isolated in 1964 at the Virus Research Laboratory, University of Ibadan, Nigeria, from Amblyomma variegatum ticks (Causey, I97O) . The virus has since been recovered many times in Nigeria from ticks and domestic cattle, and occasionally from man, mosquitoes and culicoides. Serologically, Dugbe virus is related to Ganjam virus, first isolated in 1954 in India from Haemophysalis intermedia ticks and later also from man. Together, Ganjam and Dugbe viruses comprise the Ganjam Group in the antigenic classification of the arboviruses (Theiler & Downs, I973) .
Detailed investigation of the biological and other characteristics of Dugbe virus has been hampered by the lack of a sensitive and reproducible assay system. This paper describes the successful development of such a system and its application in studies on the biology of Dugbe virus. The relationships between Dugbe, Ganjam and other arboviruses are explored by an interference test.
Plaque assay. The micro-culture method of Madrid & Porterfield (1969) was used. Cytopathogenic effect. Coverslip cultures were stained by May-Grunwald Giemsa, Feulgen and methyl green pyronin stains; fluorescent antibody staining was by the indirect or sandwich technique.
Electron microscopy. Negative staining was carried out with 3 ~ ammonium molybdenate, as described by Nermut (1972) . For thin section electron-microscopy, material was doublefixed with glutaraldehyde and osmium tetroxide essentially by the method of Hirsch & Fedorko (1968) and was then pre-stained with uranyl acetate. Finally, sections on grids were stained with uranyl acetate and lead citrate prior to examination in a Philips EM 3oo electron microscope.
RESULTS

Cytopathogenic effects
Dugbe virus replicated in PS, BSC I and MK2 cells producing only slight cytopathogenic changes when unstained preparations were examined by low-power microscopy. Strikingly different results were obtained when stained preparations were studied. Fig. I summarizes the results obtained when PS cells were infected with Dugbe virus at an input multiplicity of approx. I p.f.u./cell. The cell sheet was not destroyed, and the assessment of the c.p.e. recorded in Fig. I was based upon the degree of granulation present rather than upon rounding and dislodgement of cells. Large cytoplasmic basophilic inclusions were visible in May-Grunwald stained preparations from the second day onward, and by day 7 more than 40 ~ of the cells contained at least one inclusion (see Fig. 2 a and b ). Cultures stained with methyl green pyronin showed that the inclusions were pyroninophilic; Feulgen staining was negative. The first evidence of inclusion formation was intense staining in the region of the nuclear membrane; later, the inclusions were frequently paranuclear and some filled almost all the cytoplasm. Immunoflu0rescent staining showed that the inclusions were sites of virus antigen concentration.
The titres of cell-associated and released virus in infected PS cell cultures reached maximal levels on days 3 and 4, respectively, and subsequently declined (Fig. I) . Cell division continued in spite of the presence of virus. The cell counts in infected and control cultures were respectively 2. 7 × io 5 and 3'3 × lO 5 on day 3, and 6-3 x 1o 5 and 6.0 × Io 5 on day 7. Inclusion bodies were observed in some cells undergoing mitosis.
Electron micrographs of Dugbe virus-infected PS cells showed the presence of large numbers of particles 9 ° to i oo am in diam. on the cell membrane and in cytoplasmic vacuoles 
Plaque assay
Dugbe virus readily forms clear, round plaques in PS and BSC I cells I to 2 m m in diam. after 7 days' incubation, but with a marked prozone effect. Cell sheets infected with I o -1 and Io -3 dilutions remained intact, whereas plaques developed with io -3, IO -4 and IO -5 dilutions, being readily countable at the lowest dilution. Parallel titrations showed that PS cells were slightly more sensitive than BSC I cells.
Effect of chemical and physical agents
Sodium deoxycholate (o.1%) completely inactivated Dugbe virus within IO min at 37 °C, as did o. 1% trypsin in 6o min at 37 °C. Ten per cent mouse brain suspension of the virus in Io % serum with an initial titre of IO 5 p.f.u./ml was completely inactivated at 4 °C or -2 o °C within z months, and at 37 °C within I2 h. Survival levels of 8o to 9o% were obtained with both mouse brain stocks and tissue culture preparations stored at -7 o °C for 2 to 3 months.
Dugbe virus is very unstable at pH 3-o but retained infectivity well at pH 9-o. The replication of Dugbe virus in PS cells was not affected by the presence of I #g/ml The celt sheet was virtually normal through the period of observation. Cells subcultured after 4o days grew normally. 
Interference studies
PS cells initially infected with Dugbe virus at a high input multiplicity (about I o p.f.u./cell) showed no c.p.e, and were sub-divided at 4-day intervals without further addition of virus; a control series of uninfected PS cells was subdivided in para/lel. At each subculture, supernatant fluids from both series were stored at -7o °C, and the virus content of these was assayed by plaque titration in PS cells with the results shown in Table I .
At the Ioth subculture, some of the chronically infected cells and comparable control cells were challenged with Dugbe virus at a low input multiplicity (less than I p.f.u./cell) and, after 4 days incubation at 37 °C, virus yields were assayed in PS cells by plaque titrations. As shown in Table 2 , the yield of virus from the control cells exceeded io 5 p.f.u./ml, whereas only trace levels of virus were detected in the supernatant fluids from the carrier cells.
This type of experiment was repeated with several different challenge viruses, with the results shown in Table 2 . There was almost complete inhibition of the replication of two strains of Dugbe virus (auto-interference), whilst Semliki forest, Uganda S, yellow fever and Tahyna viruses multiplied almost as well in the Dugbe carrier cells as in control cells; Bwamba and Nairobi sheep disease viruses gave intermediate results, with substantially poorer yields in the carrier cells.
In another experiment, normal PS cells were first exposed to infection with Ganjam virus. Four days later the culture fluid was removed, the cells were washed three times with medium and then challenged with Dugbe virus; the same dose of virus was also used to infect normal PS cells. Four days later the yields of Dugbe virus in the two different cultures were assayed, with the results shown in Table 3 .
Heat-inactivated Dugbe virus failed to interfere with a challenge dose of live Dugbe virus given 4 days later. In this experiment Dugbe virus was held at 37 °C for 24 h, after which time no live virus could be detected by mouse inoculation nor by plaque titrations.
When Dugbe virus was incubated for I h with homologous rabbit antiserum the neutral mixture failed to interfere with a challenge dose of Dugbe virus given 4 days later.
DISCUSSION
Dugbe virus produced only a very slight c.p.e, in three continuous cell lines of vertebrate cells, but stained preparations showed prominent basophilic cytoplasmic inclusions, which resembled the inclusions reported with influenza B and mumps virus infections (Nasibov & Smorodintsev, 1968; Porebska, Pereira & Armstrong, 1968) . Inclusion formation appears to be rare in arbovirus-infected cells, but has been reported with Nairobi sheep disease virus (Terpstra, 1969) , viruses of the California encephalitis complex (Blaskovic, I969) and Ganjam virus (Paul & Dandawate, I97O ) . No virus particles were seen in the inclusions when Dugbe virus-infected PS cells were examined by electron microscopy of thin sections, and sequential studies showed a negative correlation between the time of peak production of infectious virus and the presence of inclusions as detected by light microscopy. These findings suggest that the inclusions are not a phase in the morphogenesis of the virus, but they may be manifestations of abnormal cellular response to virus infection, since they contain many polysomes and can be shown by immune fluorescence to contain virus antigen.
The virus particles seen in thin sections of Dugbe virus-infected cells are similar in size and appearance to those described for several Bunyamwera Supergroup viruses (Holmes, I970 , and also for Uukuniemi virus (Bonsdorff, I969; I973) , and Nairobi sheep disease virus (Terpstra, I969). The fibrillar nature of the core is compatible with a nucleocapsid of helical symmetry, as has been suggested by Bonsdorff et al. I969, and some of the higher-magnification electron micrographs are strongly suggestive of such a structure (Fig. 4) As with other arboviruses whose ribonucleic acid genome functions both as the template and the messenger (Reich & Goldberg, I964) , the replication of Dugbe virus was unaffected by actinomycin D. This, together with the insensitivity of Dugbe virus replication to 5'-fluorodeoxyuridine, and the cytochemical evidence from pyronin staining, strongly suggest that Dugbe virus has RNA as its genome. It is of interest that the prozone effect seen in Dugbe virus titrations was not affected by actinomycin D, which is a known inhibitor of interferon action (Taylor, r964) .
The experiments reported here strongly suggest the presence of incomplete virus in Dugbe virus preparations. Persistently infected cell cultures were readily produced which were put to some practical use in the study of arbovirus relationships. Of the arboviruses studied, the Togaviridae, Semliki Forest virus (alphavirus or Group A arbovirus), yellow fever and Uganda S viruses (flaviviruses or Group B arboviruses), multiplied as well in the Dugbe virus carrier cells as they did in normal PS cells. Tahyna virus, a California Group virus within the Bunyamwera Supergroup, also multiplied well in the Dugbe virus-infected cells, whereas Bwamba virus, another Bunyamwera Supergroup virus, showed a i2-fold to 25-fold lower yield in these cells than in normal PS cells, and a sixfold reduction of yield was shown with Nairobi sheep disease virus. As might be expected, Ganjam virus, which is antigenically related to Dugbe virus, interfered with the multiplication of Dugbe virus in PS cells.
Apart from the three Togaviridae, all the other five viruses included in this study are included by Murphy, Harrison & Whitfield (I973) in the proposed family of the Bunyaviridae, althoughantigenically only Bwamba and Tahyna viruses fall within the Bunyamwera Supergroup, Nairobi sheep disease being ungrouped and Dugbe and Ganjam being the only two members of the Ganjam Group. It would be of interest to extend the present interference study to include viruses such as the Sandfly Fever viruses, Anopheles A and B viruses, the Turlock group viruses which are also outside the Bunyamwera Supergroup serologically but appear to be Bunyaviridae on morphological grounds. The interference test described here revealed arbovirus relationships that are not obviously demonstrated by classical serological methods, and so could prove a valuable adjunct to conventional serological techniques in such studies.
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